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1 NTRODUC T I O N  

I n t e r e s t  f o r  many years i n  the p o s s i b i l i t y  of manned space f l i g h t  has 

f i n a l l y  culminated i n  t h e  successful  f l i g h t s  of P ro jec t  Mercury, P ro jec t  

Gemini, and various Soviet  excursions, and i n  the  preparat ion of f u t u r e  

extended o r b i t a l ,  lunar ,  and Martian voyages. 

r e s s  i n  engineering technology associated with space f l i g h t ,  t h e  f i e l d  

of av ia t ion  medicine has enlarged t o  t h a t  of aerospace medicine. 

i n  i t s  cur ren t  state of t h e  art,  the d i s c i p l i n e  of aerospace medicine 

encompasses t h e  problems and knowledge of conventional av ia t ion  medicine, 

t h e  information gained from simulated and preliminary,  b r i e f  space excur- 

s ions,  and t h e  speculat ions of biomedical phenomena of space f l i g h t  which 

are general ly  ground-based and conjectural .  

area of aerospace medicine, associated with extended space f l i g h t ,  t h a t  

t he  f i e l d  of space gastroenterology i s  emerging. Although gas t roenter -  

ology i s  commonly assoc ia ted  with the  c l i n i c a l  diagnosis and treatment 

of g a s t r o i n t e s t i n a l  disorders ,  the domain of "space gastroenterology" 

fa l ls  within the  broader de f in i t i on  of t h e  term, and concerns pr imar i ly  

t h e  study of normal and abnormal g a s t r o i n t e s t i n a l  funct ion under the 

imposit ion of space f l i g h t  conditions, as wel l  as t h e  preventive,  minor 

therapeut ic ,  and l i f e  support measures taken t o  maintain normal gas t ro-  

i n t e s t i n a l  funct ion during space f l i g h t .  

ca tegor ies  of aerospace medicine (which i s  i tself  a subspec ia l i ty  of 

prevent ive medicine), space gastroenterology i s  pr imar i ly  i n  t h e  realm 

Coincident with t h e  prog- 

Thus, 

It i s  i n  t h e  l e s s  developed 

Therefore, l ike the  o the r  

of prevent ive and experimental medicine. 

A s  i s  the  case with most of t h e  o ther  physiologic systems which 

p resen t  aerospace medical problems, t h e  g a s t r o i n t e s t i n a l  t r a c t  i s  
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influenced by most of the  environmental stresses incurred during space f i i g n t .  

Thus, the  following paragraphs del ineate  the  s t r e s s o r s  an astronaut  encoun- 

ters during f l i g h t  which may influence h i s  g a s t r o i n t e s t i n a l  t r a c t ;  these 

include acce lera t ion  stress, vibrat ion,  weightlessness, rad ia t ion ,  a l t e r e d  

environmental gas composition and pressure,  chronic r e s t r a i n t  and lack  

of exercise,  feeding and defecation problems, and physiological  and psycho- 

l o g i c a l  fa t igue .  

LINEAR AND ANGULAR GRAVITATIONAL STRESS 

Experiments with both man and animals t h a t  involve a l t e r a t i o n s  i n  rate 

of motion ( l i n e a r  and angular accelerat ion and decelerat ion)  and constant 

G-stress (cent r i fuga t ion)  have indicated t h a t  these s t r e s s o r s  can induce 

g a s t r o i n t e s t i n a l  changes which may be deleter ious.  

(1) found during t h e i r  extensive centr i fugat ion research t h a t  pos i t i ve  

G-stress inhib i ted  g a s t r i c  emptying time i n  c a t s .  By means of barium 

s u l f a t e  t es t  meals, they observed g a s t r i c  emptying delays of approxi- 

mately 2 hours following exposure t o  2.7 G (1-4 min.) and of 6-7 hours 

following 6.2 G f o r  3 min. 

t h a t  cen t r i fuga t ion  (3-5 G f o r  30 sec . )  produced an inh ib i t i on  of 

g a s t r i c  secre t ion  i n  human subjects  f o r  10-30 min. followed by a sharp 

increase i n  secretory a c t i v i t y .  The increased secre t ion  was general ly  

character ized by increases i n  f r e e  and t o t a l  a c i d i t y  and pept ic  a c t i v -  

i t y  of g a s t r i c  ju ice .  

t i o n s  of t he  stomach following centrifugation, and observed no e f f e c t  

on t h e  g a s t r i c  response t o  angular acce lera t ion  following repeated 

acce lera t ions  a t  in t e rva l s  of 5-6 days. 

Br i t t on  and coworkers 

Similarly, Suvorov recent ly  reported (2 )  

Suvorov found no change i n  t h e  per iodic  contrac- 

Bonner (3) also reported an 
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inh ib i tory  e f f e c t  of centr i fugat ion on g a s t r i c  secre t ion .  

of 23 human subjects  exposed t o  prolonged pos i t i ve  G-stress, he noted 

increased uropepsin excret ion i n  urine of subjects  j u s t  p r i o r  t o  t h e  

t e s t  (presumably due t o  psychic Stimulation), followed by decreased 

uropepsin excret ion during centr i fugat ion.  

audi tory s t imul i  did not produce any s ign i f i can t  change i n  uropepsin 

excret ion from the p r e t e s t  elevated l eve l s .  

i n  his s t i d y  

Deprivation of v i sua l  and 

Khazen and Vaysfel'd (4 )  recent ly  reported tha t  the histamine 

content of i n t e s t i n a l  mucosa of r a t s  increases following s ingle ,  pos i -  

t i v e ,  radial accelerat ions,  bu t  decreases following s ingle ,  negative, 

radial accelerat ions.  They fu r the r  noted, i n  contrast ,  t h a t  i n t e s t i n a l  

histamine decreases following multiple and frequent ly  repeated pos i t i ve  

acce lera t ions .  

of t h e i r  f inding, an increase i n  the  histamine content of mucosal t i s s u e  

may be considered p o t e n t i a l l y  hazardous. Indeed, various inves t iga tors ,  

( 5  -7) have demonstrated that histamine releasers, such as compound 48/80 

and polymyxin B, produce acute gas t r i c  hemorrhagic necrosis of t he  mucosa 

only a f e w  hours after a single in t raper i tonea l  i n j ec t ion  i n  the rat. 

i n  addi t ion,  exogenous histamine i s  a well-known secretogogue and is 

frequent ly  associated w i t h  gas t r i c  ulcerogenesis. 

(reduced blood flow, stagnant anoxia, e t c . )  of the  splachnic area follow- 

ing administration of exogenous histamine i s  generally regarded as an 

important e t i o l o g i c a l  f a c t o r  i n  post-histamine u lcera t ion  of the  stomach. 

Although it i s  d i f f i c u l t  t o  i n t e r p r e t  the s ignif icance 

The vascular response 

Severe g a s t r i c  in jury  has been observed i n  black bears subjected t o  

abrupt,  l i n e a r  decelerat ion trauma. Bears have been u t i l i z e d  f o r  v i s e r a l  

displacement s tud ies  on rocket propelled sleds s ince they approximate 
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man's conformation and weight, and s tand upright  ea s i ly ,  with Yne liead a t  

a normal inc l ina t ion .  

t e a r s  along and across the  fundic mucosa, and congestion and hemorrhage 

of t he  serosa of stomachs of bears which were subjected t o  73-96 G 

( l i n e a r  dece lera t ion)  i n  0.024 second. 

d i s t o r t i o n  and s t r e t ch ing  of t h e  stomach following upward v i s c e r a l  d i s -  

placement toward t h e  diaphragm. 

abdominal roentgenograms t h e  vu lne rab i l i t y  of mediast inal  and abdominal 

organs t o  forward acce lera t ion  (6-12 G )  and t o  l e f t  and r i g h t  sideward 

acce lera t ions  ( 6  G )  i n  human subjects .  

contusions, l acera t ions ,  and rupture of i n t e r n a l  organs, e spec ia l ly  i n  

hollow f luid-containing organs, have been observed following compressive 

and shearing s t r e s s e s  and s t r a i n s  a r i s i n g  from blows t o  various p a r t s  of 

t h e  body (10) 

lungs, liver, spleen, and mesentery were most f requent ly  a f f ec t ed  by 

l a rge  forces  appl ied t ransverse ly  (abrupt l i n e a r  dece lera t ion)  through 

t h e  body. 

Cook and Mosely (8) reported s m a l l  l ong i tud ina l  

These les ions  were a t t r i b u t e d  t o  

S imi l a r ly ,  Hershgold (9) i l l u s t r a t e d  by 

Deleterious e f f e c t s  such as 

However, s tud ies  with mice (11) have indicated t h a t  t h e  

In  conjunction with v i s c e r a l  displacement problems, early workers 

have shown t h a t  c a t s  exposed t o  high decelerat ive forces  show increased 

intra-abdominal pressure (12). 

humans given 1.5-2.0 l i t e r s  of water, m i l k ,  o r  a heavy meal p r i o r  t o  

angular  acce lera t ion  (3  G f o r  15 sec . )  showed increased to le rance  t o  

t h e  cent r i fuga t ion ,  which they a t t r i b u t e d  t o  the  increased i n t r a -  

abdominal pressure r e su l t i ng  from t h e  ingest ion of bulky mater ia l .  

This i s  i n  agreement with the  well-known increase i n  G tolerance pro-  

vided by pressurized abdominal b e l t s  and bladders i n  ant iblackout  s u i t s  

Clark and Jorgenson (13) reported t h a t  
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which a l so  iiici-eaae iatra-&dcmiEzl pressn re  

r e su l t i ng  from f i l l i n g  t h e  stomach w i t h  water has a l s o  been observed by 

Browne (14).  

Increased to le rance  t o  G s t r e s s  

A s  ind ica ted  above, t he  s t r e s ses  imposed upon mammalian organisms by 

abrupt and/or in tense  acce lera t ion  o r  dece lera t ion  ( l i n e a r  o r  angular)  can 

induce severe g a s t r o i n t e s t i n a l  disturbances.  However, these f a c t o r s  are 

not l imi t ing  f o r  space f l i g h t ,  s ince 1, high G stress i s  limited t o  rela- 

t ively shor t  per iods of take-off and reent ry  of the space vehicle ,  2, 

space f l i g h t  personnel w i l l  be optimally posi t ioned during t h e  sho r t  dura- 

t i o n s  of take-off  and reentry,  3, maximum G stresses w i l l  be kept wi th in  

to le rance  limits, and 4, within c e r t a i n  limits space f l i g h t  personnel can 

be screened f o r  s u s c e p t i b i l i t y  and conditioned f o r  tolerance t o  t h e  above 

s t r e s s e s .  Nevertheless, adverse motion e f f e c t s  on g a s t r o i n t e s t i n a l  funct ion 

i n  some space excursions might be encountered. Personnel i n  r o t a t i n g  space 

platforms w i l l  encounter Coriol is  e f f e c t s ,  which may induce autonomic e f f e c t s  

leading t o  adverse g a s t r i c  symptoms and reflex vomiting. Gray e t  a l .  (15) 

reported intense motion sickness symptoms i n  subjec ts  of v i s u a l  s tud ie s  

of Cor io l i s  e f f e c t s ,  although more recent  work by Stewart and Clark (16) 

failed t o  incriminate Cor io l i s  e f f e c t s  i n  the induction of "stomach aware- 

ness" o r  motion sickness.  Numerous s tudies  have shown t h a t  p i l o t  experience 

is b e n e f i c i a l  i n  decreasing the  s u s c e p t i b i l i t y  t o  motion sickness induced 

by r o t a t i o n  (17). 

VIBRATION 

For many years  both experimental s tud ie s  and uncontrolled observations 

have shown the assoc ia t ion  of v ibra t ion  stress with adverse physiologic 

e f f e c t s .  Early v ib ra t ion  experiments i n  av ia t ion  were usua l ly  r e l a t e d  t o  



t he  irstlijence of high frequency v ibra t ion  of a i r c r a f t  motors on t h e  p i l o t ,  

air-crewmen, and passengers. However, current  s tud ies  a r e  attempting t o  

de l inea te  t h e  e f f e c t s  of low frequency, high amplitude v ibra t ions  s ince  

t h e  l a t t e r  are observed i n  high speed, low a l t i t u d e  f l i g h t s  (bu f fe t ing ) ,  

and appear t o  be of v i t a l  importance i n  the  launch and reent ry  phase of 

rocket  propel led,  manned space vehicles (18). Undesirable gas t ro in t e s -  

t i n a l  symptoms induced by v ibra t iona l  stress are frequent ly  reported.  

Animal Experiments 

One of t he  earliest repor t s  (1938) i n  regard t o  the  gastroenterologic  

e f f e c t s  of v ib ra t ion  indicated t h a t  f e c a l  output increased and t h a t  food 

in take  decreased following experimental v ib ra t ion  (unspecified type)  of  

animals (unspecified spec ie s ) ,  a n  observation which implied increased 

i n t e s t i n a l  m o t i l i t y  and/or decreased absorption (19). 

ing two decades the re  were no reports  i n  t h e  l i t e r a t u r e  i n  this  regard 

u n t i l  t h e  communication of Roman (20) ,  who reported t h e  e f f e c t s  of severe 

whole body v ibra t ion  on mice. 

i n  v ibra ted  ( 5 - 5 0  cps) mice, which was espec ia l ly  prominent i n  the  upper 

ha l f  of t h e  small i n t e s t ine .  

suggest t h a t  t h e  hemorrhage was i n i t i a t e d  by t h e  shearing forces  induced 

by extreme displacement of abdominal contents.  

During t h e  follow- 

Roman observed g a s t r o i n t e s t i n a l  bleeding 

Photographs of h i s  v ibra t ion  experiments 

Schaefer e t  a l .  (21) recent ly  confirmed t h e  observation of Roman and 

found increased f e c a l  output and decreased food intake i n  rats during the  

pos t -v ib ra t iona l  (25 cps, 0.25 in . ,  15 min.) per iod.  

normal h is to logy  of stomachs and i n t e s t i n e s  of vibrated,  135 -140-day-old 

rats. 

i n t e s t i n a l  t r a c t  hemorrhage i n  75-day-old rats v ibra ted  a t  25 cps, bu t  not 

They reported a 

However, i n  an associated study (22) they occasionally, noted gas t ro-  
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i n  those v ibra ted  a t  30-35 cps. 

number of animals, t he  d i f f e r e n t i a l  g a s t r o i n t e s t i n a l  e f f e c t  a t  25 cps versus 

30-35 cps was marked. 

Although t h e i r  study invoived only a small I 

The e f f e c t  of a l t i t u d e  upon the  tolerance t o  v ib ra t ion  stress i n  rats 

was invest igated by Megel e t  a l .  (23).  

t i o n s  t h a t  v ib ra t ion  (60 cps) increased t h e  l e t h a l i t y  rate of a l t i t u d e  

stress, t h e  l a t te r  which was deleter ious pr imar i ly  through t h e  reduced 

p a r t i a l  pressure of oxygen rather than through reduced barometric pressure.  

Severe i n t e s t i n a l  hemorrhage occurred i n  those animals which succumbed t o  

t h e  v ib ra t ion -a l t i t ude  environment. Since i n t e s t i n a l  hemorrhage and 

u l ce ra t ion  are usua l ly  observed i n  terminal  s tages  of intense,  systemic 

stress, t h e  conclusion should not necessar i ly  be drawn that the  e n t e r i c  

pathology observed by these inves t iga tors  r e su l t ed  from spec i f i c  v ib ra t ion  

cha rac t e r i s t i c s .  

It was apparent from t h e i r  observa- 

Human Experiments 

P r i o r  t o  t h e  cont ro l led  endeavors designed t o  de l inea te  t h e  hazardous 

e f f ec t s  of v ib ra t ion  stress i n  humans, repor t s  appeared (24,25) which 

incriminated t ruck,  t r a c t o r ,  and automobile v ibra t ion  as t h e  cause of 

g a s t r i c  upsets.  Subsequently, severa l  cont ro l led  s tud ie s  have been under- 

taken, and a recent  review (26) out l ines  t h e  mechanical v ibra t ion  e f f e c t s  

on human beings. One of t h e  ear ly  repor t s  (27) ind ica tes  t h a t  v ib ra t ion  

of man a t  25 cps f o r  15 min. can induce severe harm t o  the  gas t ro in t e s -  

t i n a l  t r a c t .  A human tes t  subject  v ibra ted  a t  these  conditions developed 

moderately severe g a s t o i n t e s t i n a l  bleeding which l a s t e d  f o r  s eve ra l  days. 

Other human experiments (28) demonstrated that abdominal p a i n  occurred 

during v ib ra t ion  a t  3, 4, and 6-10 cps. The pa in  had a slow onset,  was 1 
j 



d u l l  and aching i n  nature,  was similar to "gas pains ,  " and vzs -n-Pja.l '"Y -- --.__ l y  

prominent a t  6 cps. 

was caused by t h e  s t r e t ch ing  of the terminal  ileum, cecum, and hepat ic  

f lexure of the la rge  i n t e s t i n e  and i t s  supporting mesentery. 

(29) and Guignard (30) a l s o  observed abdominal pa in  i n  human subjec ts  

v ibra ted  a t  10, 40, and 70 cps, and 6-12 cps, respect ively.  

Coermann (31) reported abdominal pain a t  4-14 cps v ibra t ion ,  and a 

defecat ion urge of human subjec ts  vibrated a t  9-20 cps. Recently, 

Chaney (32) reported abdominal pa in  a t  4-12 cps, f l a t u s  passing a t  18- 

24 cps, and defecation urge a t  16-27 cps i n  human subjec ts .  

excessive noise (v ibra t ion  i n  t h e  audible range) has been involved i n  

t h e  e t io logy  of nausea and vomiting (33), and i n  t h e  pathogenesis of 

Ziegenruecker and Magid (28) be l ieve  t h a t  t h e  pa in  

Markaryan 

Magid and 

I n  addi t ion,  

dyspepsia and duodenal u lcer  (34).  

It can be concluded t h a t  shor t  -term vibrat ion,  p a r t i c u l a r l y  a t  l e v e l s  

of 25 cps or lower, i s  capable of inducing abdominal pain,  g a s t r o i n t e s t i n a l  

hemorrhage, and defecat ion urge i n  humans. 

amplitude v ib ra t ion  i s  encountered i n  c e r t a i n  phases of rocket f l i g h t ,  it 

i s  imperative t o  con t ro l  both the  durat ion and i n t e n s i t y  of v ib ra t ion  there in .  

Addit ional  inves t iga t ions  1, t o  evaluate human tolerances fu r the r ,  2, t o  

devise dampening r e s t r a i n t  chairs  and s u i t s ,  and 3, t o  assess indiv idua l  

s u s c e p t i b i i i t i e s  t o  v ib ra t ion  a re  required t o  minimize g a s t r o i n t e s t i n a l  

manifestat ions of v ibra t ion .  

Since low frequency, high 

INGESTION AND EGESTION 

The problems of ingest ion and egest ion during space f l i g h t  involve 

phenomena a t  the  two extreme ends of t h e  g a s t r o i n t e s t i n a l  t r a c t ,  thus,  

feeding and defecat ion processes r e l a t e  t o  both t h e  i n t e r n a l  physiology 
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and t h e  ex te rna l  environment, and require the  cooperative effzlrt ef t h e  

space gas t roentero logis t ,  t h e  space n u t r i t i o n i s t ,  and t h e  l i f e  support 

engineer. 

The f a c t  t h a t  feeding during short-term a i r c r a f t  f l i g h t s  o f f e r s  no 

problem is rkn i f e s t ed  by the  thousands of conventional meals served. by 

commercial a i r l i n e s  during f l i g h t .  Feeding during long-range m i l i t a r y  

f l i g h t s  poses problems i n  t h a t  pressure s u i t s  hamper defecat ion proce- 

dures. 

missions general ly  subs i s t  on very low residue d i e t s  f o r  72 hours p r i o r  

t o  take-off  (35) .  

a f e a s i b l e  method of feeding f o r  p i l o t s  of long-range j e t  f i g h t e r  m i s -  

s ions  (36). 

t h e  gas t ro in t e s t ina l ,  p r e f l i g h t  conditioning of as t ronauts  by feeding of 

low residue d i e t s ,  and have u t i l i z e d  packaged meals of low residue con- 

t e n t ,  extended space voyages of days and weeks cannot be met with such 

an easy so lu t ion .  

elsewhere (37-41), and pose such problems as t h e  determination of ca lo r i c  

requirements f o r  weightlessness conditions,  the  se l ec t ion  of foods, which 

are both pa l a t ab le  t o  individual  as t ronauts  and su i t ab le  f o r  f r eeze -  

drying, and t h e  f ab r i ca t ion  of food containers which are t ransparent ,  

durable,  and waterproof, and perhaps edible .  

cannot be solved i n  t h e  laboratory i s  i l l u s t r a t e d  by t h e  water leakage 

from the  food bags reported by Major Gordon Cooper during h i s  f l i g h t  (42), 

and the  softened and melted foods t e s t e d  by Astronaut Carpenter (43) .  

appears t h a t  extended space f l i g h t s  w i l l  eventually require  closed food 

cycles;  thus numerous synthet ic  d i e t s  have been proposed (44) .  

Thus, €3-66 crews which pa r t i c ipa t e  i n  long-range over-water 

Also, t h e  use of l i q u i d  foods has been found t o  be 

Although preliminary manned space f l i g h t s  have a l s o  involved 

The problems of space n u t r i t i o n  have been reviewed 

The f a c t  t h a t  a l l  problems 

It 

However, 
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missions undertaken during t h e  next 20 years will iiiost likcky ca r ry  f ~ o d  

from e a r t h  i n  dehydrated or frozen forms (45) .  

Various methods have been proposed f o r  waste management aboard space 

vehicles  or s t a t i o n s .  Alternat ives  include drying f e c a l  mat ter  by hea t  

or dry air, macerating and pressure f i l t e r i n g  waste products, o r  u . t i l i z ing  

a self-perpetuat ing b io log ica l  regenerative system. The la t te r  method 

seems most f e a s i b l e  f o r  extended space f l i g h t s ;  with a t y p i c a l  ac t iva ted  

sludge (mixed microbial  population of bac te r ia ,  fungi, protozoans, and 
D 

high organisms) process, e f f ic ienc ies  of 95 -98 percent  are obtainable,  

taking care  of all waste products, including feces,  urine,  and garbage 

(45) .  

t i o n s  of anaerobic and aerobic systems. 

Current research i n  t h i s  area i s  under way, involving inves t iga-  

For medium-length voyages 

inc inera t ion  may ul t imately prove t o  be t h e  b e s t  method of d isposa l  of 

feces,  while co l l ec t ion  and storage of waste products i n  impermeable 

p l a s t i c  bags can s u f f i c e  f o r  missions of sho r t  duration. 

WEIGHTLESSNESS 

The influence of weightlessness on g a s t r o i n t e s t i n a l  funct ion has not 

y e t  been f u l l y  assessed, although preliminary,  short-term space f l i g h t s  

have included feeding schedules f o r  as t ronauts  and cosmonauts. Inasmuch 

as prolonged weightlessness cannot be simulated i n  t h e  laboratory,  only 

specula t ion  can be made as t o  the influence of weightlessness on gas t ro-  

i n t e s t i n a l  funct ion.  Laboratory s tudies  have shown, however, t h a t  sub- 

g r a v i t y  conditions produced by the  "subgravity tower" i n  Rome have produced 

displacement of thoraco-abdominal v i sce ra  of human t e s t  subjec ts  (46) .  

Previous space f l i g h t s  have indicated t h a t  normal esophageal re f lexes  occur 

during weightless conditions following mechanical s t imu l i  of food b o l i .  
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However, space f l i g h t s  of longer durat ion are r e q i i r z d  t~ assess  t.he movement 

and d iges t ion  of food i n  t h e  lower d iges t ive  t r a c t ,  and p a r t i c u l a r l y  t o  assess  

defecat ion problems. 

t he  food eaten by the  Soviet  Cosmonaut, Gherman S. Titov, may have caused the  

i l l n e s s  he reported i n  h i s  25 hour f l i g h t .  

food and l i qu ids  normally plays an important r o l e  i n  t h e i r  passage from t h e  

fundus t o  t h e  pylorus of t he  stomach s ince  p e r e s t a l s i s  per s e  is not con- 

s idered t o  take place i n  t h e  upper stomach (48). 

obtained i n  regard t o  the  e f f e c t  of weightlessness on g a s t r o i n t e s t i n a l  

mo t i l i t y ,  and food passage, t h e  provis ion of space f l i g h t  personnel with 

parasympathomimetic or an-l;icholinerg&c agents has been recommended (48) . 
Adequate exposure of food t o  g a s t r i c  ju ices  i n  the  stomach a l s o  may f a i l  

t o  t ake  place i f  the  food is  weightless. 

d iges t ive  t r a c t  th ree  addi t iona l  problems might be encountered: 

might be increased aerophagia, r e su l t i ng  i n  f la tu lence ,  2, voluntary, or 

reflex eruc ta t ion  of air, which normally g rav i t a t e s  toward the  cardiac 

sphincter ,  might be hindered by weightlessness, a l s o  r e su l t i ng  i n  f la tu lence ,  

and 3, increased e q o s u r e  of the cardiac sphincter  and lower esophagus t o  

a c i d  pep t i c  secret ions,  which normally are shielded t o  some degree by t h e  

a i r  pocket which g rav i t a t e s  t o  t h i s  region when the  body i s  i n  an upright  

pos i t ion ,  might occur and induce re f lux  esophagi t is .  

t h e  d iges t ive  t r a c t  o ther  problems might occur (37); t h e  entrapped gas 

bubbles (ni t rogen,  carbon dioxide , methane , etc.  ) might not coalesce i n  

t h e  terminal  por t ion  of t h e  large bowel due t o  weightlessness of s o l i d  

f e c a l  material. 

sphinc ter  might become incoordinate i n  regard t o  se l ec t ion  of passage of 

gas or gas-impregnated f e c a l  matter. 

It has been speculated (47) t h a t  t h e  weightlessness of 

It i s  f e l t  thbt t h e  weight of 

- 
U n t i l  more information i s  

A t  t h e  a n t e r i o r  aspect  of t h e  

1, the re  

A t  t h e  d i s t a l  end of 

A s  a result, re f lexes  which normally a c t i v a t e  the  a n a l  
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FATIGUE 

Although personnel of spacecraft  and o r b i t i n g  l abora to r i e s  w i l l  have 

work, re laxa t ion ,  and s leep scheCiules which should allow adequate res t ,  

e spec ia l ly  during extended voyages, t h e  x e n t a l  s t r a i n ,  i so l a t ion ,  and 

c o q l e x i t y  of t h e  s i t u a t i o n  w i l l  unCoubtea1y present  s i t u a t i o n s  which 

predispose f a t i g u e  syqtoms.  Indeea, t h e  pecu l i a r  profess iona l  syndrome 

well-known i n  av ia t ion  medicine as " p i l o t  fn t igue ,"  and which appears i n  

personnel of long l a s t ing ,  s t r e s s f u l  f l i g h t  a c t i v i t i e s  (;;9,50), can be 

an t i c ipa t ed  i n  space f l i g h t .  

by l o r g  and delayed countdowns p r i o r  t o  launching, by extensive p r e f l i g h t  

preparation, and by inadeqdate s leep due t o  p r e f l i g h t  an t i c ipa t ion .  Tne 

alimen-cary t r a c t  i n  many persons i s  more s e n s i t i v e  t o  s t r e s s f u l  influences 

than any o ther  p a r t  of t he  body, and f a t igue  from any cause i s  l i k e l y  t o  

i n t e r f e r e  with t h e  a iges t lve  processes (5l,52). 

involving 61 recognized gastroenterologis ts  indicated t h a t  52 percent  of 

t h e  gastroenterologis ts  thought ulcerogenesis r e s u l t i n g  from the  s t r e s s e s  

of space f l i g h t  "should be considered a r e a l  t h r e a t  t o  t h e  success of 

space t rave l . "  Alvarez has c i t e d  nmerous examples of d iges t ive  disturbances 

This phenomenon can be complicated f u r t h e r  

A recent  survey (53) 
m 

r e s u l t i n g  from fa t igue :  i r h i b i t i o n  of g a s t r i c  s ec re t ion  has been demonstrated 

i n  man during s t a t e s  of exhaustion; ana nausea, abdominal craTps, f la tu lence ,  

and diarrhea have been observzd i n  persons who e a t  heavily while extremely 

t i r e d  ( 5 4 ) .  

a tany of t he  stoxach i n  t h e  prssence of muscKlar fet.Lgue. 

Oliver (56)  reported disturbances ( f l a tu l ence ,  nausea, belching, anorexia, 

abdoxinal d i s t en t ion ,  constipation, heartburn, abdomir,al cramps, and vomit- 

i n g )  of t h e  g a s t r o i n t e s t i n a l  t r a c t  i n  57 percent of 100 ambulatory p a t i e n t s  

under treatment for chronic fa t igue .  

I n  addition, Rehfuss ( 5 5 )  noted anorexia, indigestion, and 

Recently 

I 

I 
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Yne various gas i , ~ . u i L i t ~ ~ t L : . ~ l  ;z$hslcgies rpsii l  tin. from stress nave been 

reported by Selye i n  h i s  c l a s s i c  F q e r  (57), have been reviewed by Paulley 

(55) ,  and range from s p a s t i c  colon and g a s t r i c  u l c e r  t o  acute append ic i t i s  

and scleroderma. 

t i o n  during experi?;entally produced chronic fear  i n  dogs and morikeys (59) 

and during sustained "exminztion-period anxiety" i n  undergraduate s tudents  

have been observed (60) .  Gray and h i s  associates  (61) propose t h a t  chronic 

s t r e s s ,  ac t ing  through t h e  pi tui tary-adrenal  zechanisn, increases g a s t r i c  

a c i d  secre t ion ,  and thus plays an hiportant role i n  t h e  e t i o l o a  of p e p t i c  

u l ce r .  J a w r o u s  inves t iga tors ,  including ?;'ne i r r i t e r  (62)) have shown t h a t  

x z i i n i s t r a t i o n  of exogenous bu t  xa tu ra l  co r t i co ids  can be  ulcerogenic. 

LFurthemore, Wolciman (63) has dexonstrated a s t r i k i n g  co r re l a t ion  between 

t h e  seve r i ty  of adrenal  dmage, as fouid  i n  microscopic s tud ie s ,  and t h e  

incidence o€ acute u l ce ra t ion  01 the  upper g a s t r o i n t e s t i n a l  t r a c t .  

Murphy (64)  has reported that  t h e  co r t i co id  excretion/body surface a r e a  

1-stio increased i n  J e t  p i l o t s  during f l i g h t s ,  it m y  be an t i c ipa t ed  t h a t  

s i m i l a r  increases i n  adrenal a c t i v i t y  might occur during space f l i g h t s .  

Signif icant  increases i n  g c s t r i c  hydrochloric a c i d  sec re -  

Since 

rT iiius , g a s t r o i n t e s t i n a l  funct ion may b e  inflaenced secoridarily t o  endocrine 

funct ion during space f l i g h t .  

Although t h e  terms "chronic fa t igue ,  ' I  "chronic anxiety, and "psycho- 

l o g i c a l  stress" a r e  t r e a t e d  axbigLously In  the l i t e r a t u r e  , t h e  c lose  r e l a t i o n -  

sh ip  o f  t hese  s t a t e s  with one another, and with physiological stress s y q t o m s  

including g a s t r o i n t e s t i n a l  manifestations, i s  r e a d i l y  q p a r e n t .  

syndromes of diarrhea,  vomiting, abdoninal pain,  and p a r t i c u l a r l y  u l ce r  

forna i lon  represent medical problem of cc ;isiderable concern they must be 

considered i n  t h e  prepai-ction oi" spacecraf t  l i f e  sGp3ort and medical systems. 

The environmental and psychological s t r e s s  cannot be eliminated, e spec ia l ly  

Since t h e  
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i n  extended voyages. 

t i c o i d  response t e s t s  may prove bene f i c i a l  i n  s e l ec t ion  of as t ronauts ,  when 

used i n  conjunction with psychological t e s t i n g  and conditioning regimens. 

Thus, gas t ro in t e s t ina l  functivrial  k s t s  and adrenocor- 

ENVLROTulllENTAL GAS PRESSURE 

Among t h e  numerous physiological problem r e l a t e d  t o  a l t e r a t i o n s  i n  

t o t a l  atmospheric pressures,  t h e  problem of abdominal gas d i s t en t ion  a t  

a l t i t u d e  has long been appreciated i n  av ia t ion  medicine. 

analogous t o  balloon expansion a t  high a l t i t u d e ,  t h e  g a s t r o i n t e s t i n a l  gases 

which are trapped i n  t h e  gut lumen by p a r t i a l l y  digested food and f e c a l m a t -  

erial ,  and which a r e  bounded by the e l a s t i c  limits of the  enteron and abdomen, 

expand i n  inverse proportion t o  the atmospheric pressure outs ide t h e  body. 

The average abdominal gas content of young men of average weight (1.50 lb s . )  

i s  about 1300 cc. (65).  The volume of gas i n  t h e  stomach or i n t e s t i n e  a t  

ground l e v e l  i s  approxirnately doubled a t  15,000 f e e t ,  increased 3.0 times 

a t  25,000 f e e t ,  5.4 times a t  35,000 f e e t ,  and 7.6 times a t  40,000 feet  (66). 

I n  a manner 

Early repor t s  have indicated t h a t  pa in  due t o  f l a tu l ence  a t  a l t i t u d e  

i s  not uncommon. I n  110 simulated f l i g h t s  a t  35,000 f e e t ,  B l a i r  and h i s  

assoc ia tes  (65) noted severe discomfort due t o  gas d i s t en t ion  i n  5.5 percent ,  

moderate discomfort i n  3.6 percent, and s l i g h t  discomfort i n  19.0 percent  

of t h e i r  human subjects .  They found no cons is ten t  change of gas content 

with time of day o r  a f t e r  meals. Taylor and Robinson (66) a l s o  reported 

p a i n f u l  f la tu lence  due t o  r e a l  and simulated a l t i t u d e  (30,000 fee t ) ,  bu t  

found a p o s i t i v e  cor re la t ion  between f l a tu l ence  and fu l lnes s  of t h e  stomach 

wi th  food. 

by Adler and Grodins (67). 

The problem of pa infu l  abdominal d i s t en t ion  has been reviewed 

They reported t h a t  t h e  incidence of abdominal 

symptoms is  higher i n  t h e  heavier weight group (160-200 l b s . )  and t h e  
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older  age group 28-47 y r s . ) ,  and t h a t  t h ree  types of d i e t a r y  f a c t o r s  may be 

b p o r t a n t  i n  abdominal stress a t  a l t i t u d e :  1, gas-forming foods (carbohydrates, 

m i l k ,  e t c . ) ,  2, g a s t r o i n t e s t i n a l  i r r i t a n t s  such as melons, cabbage, spices ,  

e t c . ,  and 3, foods t o  which the individual  may manifest an a l l e r g i c  react ion.  

The response of g a s t r i c  acid secre t ion  t o  d i s t en t ion  a t  a l t i t u d e  has 

been reported by Danhof and Steggerda (68). They observed t h a t  gaseous 

d i s t en t ion  of t h e  stomach i s  e f f ec t ive  i n  s t imula t icg  g a s t r i c  a c i d  sec re t ion  

i n  humans. 

involve t h e  r e l ease  of g a s t r i n  from t h e  pylor ic  a n t r a l  mucosa (69 ) ,  and it 

has recent ly  been shown (70) t h a t  fundic s t imula t ion  may result i n  g a s t r i c  

ac id  secre t ion  by a vaso-vagal re f lex .  

Mechanical d i s ten t ion  of t he  stomach has long been known t o  

The influence of simulated a l t i t u d e  on g a s t r o i n t e s t i n a l  m o t i l i t y  has 

a l s o  been invest igated by McDonough (71) and Steggerda e t  a l .  (72). 

t h e  former inves t iga tor  found no d i f fe rence  i n  t h e  g a s t r o i n t e s t i n a l  t r a n s i t  

times of barium s u l f a t e  i n  humans a t  38,000 f e e t  or ground l eve l ,  t h e  l a t t e r  

inves t iga tors  observed marked increases i n  colonic a c t i v i t y  i n  human subjec ts  

a t  simulated a l t i t u d e  (12,000 f e e t ) .  Steggerda and h i s  assoc ia tes  a t t r i b u t e d  

t h e  increased colonic a c t i v i t y  t o  t h e  s t imulat ion by gaseous d i s t en t ion .  

It can be an t ic ipa ted  t h a t  g a s t r o i n t e s t i n a l  symptoms due t o  reduced 

pressure,  which was of frequent concern i n  av ia t ion  medicine, w i l l  be of 

minor consequence i n  space t rave l ,  s ince  t h e  use of ful ly-pressurized s u i t s  

and pressurized cabins w i l l  be employed. 

environment w i l l  obviously be catastrophic  t o  t h e  mission, bu t  inadvertent,  

p a r t i a l  decompression i n  a " sh i r t  s leeve environment" of a space capsule 

could induce abdominal symptoms. 

t h e  to le rance  t o  these  symptoms (67 ) ,  it may be of remote advantage t o  

Although 

Rapid decompression i n  t h e  space 

Since experience a t  a l t i t u d e  can increase 
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condition subjec ts  i n  t h i s  manner. 

HYPOXIA AND OXYGEN TOXICITY 

I n  conjunction with the  e f f e c t  of a l t i t u d e  and i ts  accompanying decom- 

press ion  on g a s t r o i n t e s t i n a l  function, t h e  physiological  e f f e c t s  of lowered 

p a r t i a l  pressures of oxygen a t  a l t i t u d e  have been a subjec t  of concern f o r  

many years .  The extensive work of Van Liere, Northup, Nimeh, and o thers  

on the  influences of hypoxia ("anoxia") on the  alimentary t r a c t  has been 

summarized (73). 

(53 mm ~ g )  temporarily accelerates  g a s t r i c  emptying time i n  rats, b u t  may 

Reports have indicated t h a t  1, lowered oxygen tens ion  

prolong g a s t r i c  emptying i n  humans,. 2, low oxygen pressures  depress t h e  

secre t ion  of hydrochloric ac id  i n  t h e  stomach of man, and 3, low oxygen 

pressures  depress i n t e s t i n a l  absorption of sodium chloride,  glucose, 

glycine,  bu t  increase i n t e s t i n a l  absorption of water. 

high a l t i t u d e  (3,000 - 5,000 meters) t he re  seems t o  be a g rea t  predispobi- 

t i o n  toward g a s t r i c  and duodenal u lcer  as seen i n  South American Indiarls 

(74,75). Presumably t h e  vascular and blood f ac to r s  p l ay  a major r o l e  i n  

Furthermore, a t  

t h e  e t io logy  and pathogenesis of u lcer  a t  a l t i t u d e .  

Although t h e  problems of m a i r e d  g a s t r o i n t e s t i n a l  funct ion following 

hypoxia can be assessed as generally not se r ious  (indeed, hypoxic conditions 

are not an t i c ipa t ed  i n  space capsules),  t h e  g a s t r o i n t e s t i n a l  manifestat ions 

of prolonged exposure t o  high oxygen tensions may be of considerable concern. 

A t  t h e  present  time the re  i s  a paucity of information on t h e  pathologic 

e f f e c t s  of chronic exposure t o  high p a r t i a l  pressures  of oxygen, e spec ia l ly  

i n  regard t o  t h e  alimentary t r a c t .  Since 1, t h e  g a s t r o i n t e s t i n a l  t r a c t  

responds r ead i ly  (u lcera t ion ,  increased mot i l i t y ,  e t c  . ) t o  general ,  systemic 
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sti-esses L c o s e d  5y severe emrirommental conditions,  2, g a s t r i c  and duodenal 

u lcera t ion  have been associated with pulmonary emphysema ( 7 6 ~ 7 ~ 8 )  t h e  

l a t t e r  syndrome which can be a consequence of oxygen toxic i ty ,  and 3, 

i f  the  atmospheric environment of space vehicles  contain high oxygen t e n -  

sions,  it will be necessary t o  assess g a s t r o i n t e s t i n a l  e f f e c t s  of prolonged 

exposure to hfgh oxygen tensions. 

THERMAL STRESS 

The influence of hea t  on g a s t r o i n t e s t i n a l  function has been invest igated 

f o r  a number of years. 

included experiments with 1, focalized appl icat ion of heat d i r e c t l y  t o  t h e  

g a s t r o i n t e s t i n a l  mucosa o r  e x t e r i o r  g a s t r i c  surface of animals, 2, generalized 

appl ica t ion  of heat d i r e c t l y  t o  t h e  g a s t r o i n t e s t i n a l  t r a c t  by ingest ion of hot 

Attempts t o  study t h e  e f f e c t s  of thermal stress have 

foods i n  man and animals, 3, placement of men o r  animals i n  heated environ- 

ments, and 4, appl ica t ion  of electromagnetic f i e l d s  t o  t h e  g a s t r o i n t e s t i n a l  

t r a c t s  of animals t o  produce heat  i n  l o c a l  regions by hysteresis .  

I n t e r n a l  themocautery of l o c a l  regions of t h e  g a s t r i c  mucosa w a s  first 

accomplished by Wi l l i ams  (79), who produced les ions  i n  guinea p igs  and rabbi-s 

with heated metal  instruments. 

P h i l l i p s  e t  a l .  (82) ,  and Torgersen (83) produced g a s t r i c  les ions  i n  similar 

Later, Skoryna e t  a l .  (80), W i l l i a m s  (81), 

experiments with rats and guinea pigs. 

Torgersen (84) reported t h a t  appl icat ion of a heated (55' C )  copper rod for 

15 seconds t o  the  g a s t r i c  mucosa of mice decreased t h e  p a r i e t a l  c e l l  succinic 

dehydrogenase a c t i v i t y ,  caused an  increase i n  pH of g a s t r i c  contents, and 

induced s u p e r f i c i a l  u lcera t ion  of the g a s t r i c  mucosa. 

Several  months ago w r e n  and I 

Application of heat  t o  the  stomach and duodenum by ingest ion of heated 

foods and f l u i d s  has reportedly produced adverse e f f e c t s  on these  organs. 

Decker (85) and Ivy (86) induced g a s t r i c  les ions  i n  dogs by feeding hot  
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(70” C) f l u i d s .  

ing time i n  women who were f ed  coffee heated a t  45965’ C. 

t h a t  hea t  i s  involved i n  t h e  etiology of chronic g a s t r i t i s ,  pep t i c  u lcer ,  

and p a r t i c u l a r l y  i n  t h e  e t io logy  of g a s t r i c  carcinoma was advanced by 

Davis and Ivy (88). 

feeding hot foods on human g a s t r i c  and duodenal funct ion (89-90) have not 

indicated any deleter ious e f f e c t s  from 47O-50’ C water ingest ion.  

Eberhard (87) reported no va r i a t ion  i i i  t h e  g a s t r i c  c q t y -  

The suggestion 

The most recent repor t s  concerning t h e  e f f e c t s  of 

Hyperthermic environments have occasional ly  been used during gas t ro-  

i n t e s t i n a l  experiments (91). 

environmental temperature of 32 

g a s t r i c  emptying time of dogs. 

observed t h a t  high environmental temperatures aepressed the  absorpt ion 

of glucose i n  t h e  i n t e s t i n e s  of r a t s .  

Sleeth and Van Liere (92) reported t h a t  an 

0 C caused an increase of 10 percent  i n  the  

In  addi t ion,  Raffer ty  and MacLachlan (93) 

The induction of increased temperature by hys te res i s  has been experimen- 

t a l l y  employed with r abb i t s  (94).  Shorey and coworkers have thus produced 

in t racorporea l  hyperthermia by “pplying electromagnetic f i e l d s  over organs 

containing p a r t i c u l a t e  permanent magnetic i r o n  oxide i n  the  c i r cu la t ing  

blood. 

(47’ C )  by t h i s  method. 

They reported t h a t  necrosis of t h e  bowel r e su l t ed  from organ heat ing 

From t h e  foregoing paragraphs it i s  obvious t h a t  increased temperature 

can induce adverse changes i n  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  p a r t i c u l a r l y  when 

hea t  is  appl ied i n  an in tense  and loca l ized  fashion. 

f l i g h t  conditions problems of hyperthermia w i l l  be l imi ted  t o  environmental 

temperature extremes, and t h e  ingest ion of overheated foods i s  not a n t i c i -  

pated.  

t hese  per iods w i l l  be  of r e l a t i v e l y  sho r t  duration, and w i l l  not coincide 

However, under space 

Environmental temperatures may be high during reent ry  bu t  s ince  
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t i l th  feedir,;: schedi-i-les, t he  delayed g a s t r i c  eaptying and o ther  changes which 

may occur should not be considered important. 

CHROKi’C RESTRAINT AND MERCISE LACK 

During space missions the  crew of t h e  vehicle  w i l l  not only be i s o l a t e d  

and separated by hundreds of thousands of miles from t h e i r  homeland, b u t  

w i l l  be physical ly  r e s t r i c t e d  t o  the  small confines of t h e i r  spacecraf t .  

The dele te r ious  e f f e c t s  of chronic lack of exercise  on muscular development 

and mineral  metabolism have long been recognized. However, t he  influence 

of chronic r e s t r a i n t  ( w i t h  concomitant lack  of exerc ise)  on g a s t r o i n t e s t i n a l  

funct ion has not been evaluated. 

on t h e  other  hand, toward elucidat ing t h e  e f f e c t s  of exerc ise  on gas t ro in t e s -  

t i n a l  function. 

I n  general  it may be concluded t h a t  mild exercise  such as walking i s  usua l ly  

without influence on t h e  stomach contractions,  though occasionally it may be 

s t imulat ing.  

t i o n  and mot i l i t y  i n  man (100) and animals (97-99). 

these  s tud ies ,  however, is of l i t t l e  value i n  the  pred ic t ion  of t h e  influence 

of chronic exercise  lack  on gas t ro in t e s t ina l  function. 

repor t s  i n  regard t o  t h e  influence of r e s t r a i n t  on g a s t r o i n t e s t i n a l  pathology 

(101-114) a r e  not appl icable  t o  t h i s  problem s ince  1, they are l imi ted  t o  very 

acute  r e s t r a i n t  per iods (24-48 hours, or in te rmi t ten t  4-hour per iods) ,  and 2, . 
they  involve t o t a l  immobilization of unconditioned animals, a treatment which 

cons t i t u t e s  a l e t h a l  psychogenic s t r e s s ,  

Numerous s tudies  (95-99) have been d i rec ted ,  

This problem has been reviewed by Stickney and Van Liere  (100). 

Severe and exhausting exercise  usual ly  depresses g a s t r i c  s ec re -  

Information gained from 

Similar ly ,  previous 

Since astronauts  w i l l  be confined f o r  long per iods t o  very s m a l l  environ- 

ments which permit only a minimum of gross bodily movements, e.g., walking, 

it i s  des i rab le  t o  evaluate t h e  e f f ec t  of such r e s t r i c t i o n  on g a s t r o i n t e s t i n a l  

absorp t ion  e f f ic iency ,  mo t i l i t y ,  f la tu lence ,  enzyme k ine t i c s ,  and t i s s u e  mass. 

t 
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Since isorietric t y p  exercise has been suggested as a s u i t a b l e  method f o r  

preventing mineroloz-.uscular disturbances i z i  extended space excursions, it would 

also be advantageous t o  de temine  i t s  inf lueme on g a s t r o i n t e s t i n a l  function. 

RADIATIO i i 

?"'ere are three  known sources of  ionizing r a d i a t i o n  ex is t ing  i n  i n t e r -  

p lanetary space which cons t i tu te  a p o t e n t i a l  rad ia t ion  hazard f o r  manned 

space f l i g h t :  

and the  s o l a r  cosmic radiat ion.  

but  intense solar-proton radiat ions present  t h e  major hazard t o  man. 

During the  las t  s o l a r  cycle there  were about six s o l a r  f lare events which 

would have exposed a space t r a v e l e r  t o  ser ious r a d i a t i o n  from s o l a r  p a r t i -  

c l e s  (115). Numerous authors have discussed the  possible  e f f e c t s  of space 

r a d i a t i o n  on biologic  systems (116,117), and t h e  subject  has been reviewed 

by Schaefer (118). 

and d i s t a n t  space are continually being revised (119-126) through rocket  and 

s a t e l l i t e  s tud ies .  

r a d i a t i o n  s t i l l  cons t i tu tes  an unknown f a c t o r  i n  manned spacef l ight ,  espec ia l ly  

i n  regard t o  human hazards during extended f l i g h t s .  

the  Van Allen Belt  radiat ions,  the  g a l a c t i c  cosmic radiat ion,  

O f  these t h r e e  categories,  t h e  sporadic 

Estimates of rad ia t ion  l e v e l s  t o  be encountered i n  near 

However, i n  s p i t e  of rap id  progress i n  t h i s  area, space 

The influence of rad ia t ion  on g a s t r o i n t e s t i n a l  function and pathology 

has long been a subject  of experimental invest igat ion.  

g a s t r o i n t e s t i n a l  symptoms of rad ia t ion  sickness cons t i tu te  some of the primary 

acute  responses t o  intense,  acute i r rad ia t ion ,  and depending upon the radia- 

t i o n  c h a r a c t e r i s t i c s ,  may cons t i tu te  the  main e t i o l o g i c  f a c t o r s  i n  the  death 

of the  animal. 

acu te  exposures t o  rad ia t ion  i s  re la ted  i n  p a r t  t o  t h e  rapid c e l l  renewal and 

I n  general, the 

The g r e a t  s e n s i t i v i t y  of t h e  g a s t r o i n t e s t i n a l  t r a c t  t o  intense,  
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turnover rate of t h e  i n t e s t i n a l  mucosa, Itnich, ii' hal ted,  allows sevcTe 

water, e l e c t r o l y t e  (UT), and blood (128) loss i n t o  t h e  i n t e s t i n a l  lumen, 

and crea tes  a convenient s i t e  f o r  b a c t e r i a l  invasion (l-29). 

r a t e s  of 1-5 days are observed for t h e  mucous e p i t h e l i a l  c e l l s  under normal 

conditions i n  man and animals (130). 

a c t i v i t y  (130-134) and DNA synthesis (135) i n  the  i n t e s t i n a l  crypts ,  and 

can i n h i b i t  passage of c e l l s  up the v i l l i .  

cases as a r e s u l t  of c e l l u l a r  mitot ic  changes induced by i r r a d i a t i o n ,  

u l ce r s  (136-144), f i s t u l a e  and s t r i c t u r e s  (145), carcinoma (146,147) , 
and sc le roses  (148) of t h e  gas t ro in t e s t ina l  t r a c t  can be caused by i r r a d i a -  

t i on .  

r ad ia t ion  on the  physiology of the g a s t r o i n t e s t i n a l  t r a c t .  

r epor t s  have indicated t h a t  i r r a d i a t i o n  delays g a s t r i c  emptying but  increases  

i n t e s t i n a l  m o t i l i t y  (151-154), decreases g a s t r i c  ac id  secre t ion  (155 -157), 

decreases i n t e s t i n a l  absorption of pyridoxine (158-159), thiamine (160), 

sugar (161), i ron  (162), N-methylnicotinamide (163), fa t  (164) bu t  increases  

i n t e s t i n a l  absorption of vitamin A (165) . 

Turnover 

X-irradiat ion can abol i sh  mi to t i c  

I n  addi t ion  t o ,  and i n  some 

Conard (149) and Bond (150) have reviewed t h e  e f f e c t s  of ionizing 

I n  b r i e f ,  

Although t h e  gas t ro in t e s t ina l  e f f e c t s  of acute  i r r a d i a t i o n  have been 

inves t iga ted  t o  some extent ,  as indicated above, t he  e f f e c t s  of chronic 

and low dose exposure (conditions more similar t o  space hazards) on t h e  

g a s t r o i n t e s t i n a l  t r a c t  have not been thoroughly evaluated. 

(166) have shown t h a t  i n t e s t i n a l  r ad ia t ion  death i s  not necessar i ly  acute ,  

and t h a t  chronic r ad ia t ion  reactions a r e  known t o  lead  t o  i n t e s t i n a l  s teno-  

sis  and, occasionally,  t o  death. 

reported t h a t  repeated x- i r rad ia t ion  (20 exposures) of t h e  g a s t r i c  region 

Early s tud ie s  

Hueper and De Carvajal-Forero (167) 
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of dogs with s m a l l  doses ( 3 O O r )  resul ted i n  per fora t ing  u lcers  i n  fou r  

weeks. 

t i n a l  damage i n  rats given d a i l y  o r a l  acbninistration of yttrium-90. 

Thus, more information i n  regard t o  chronic, low dose i r r a d i a t i o n  e f f e c t s  

on g a s t r o i n t e s t i n a l  physiology is  desirable  p r i o r  t o  extended space voyages. 

I n  addi t ion,  the  space rad ia t ion  hazard is  complicated by 1, t h e  unpredicta- 

b i l i t y  of s o l a r  flares, 2, t h e  problem and expense of "weight t rade-offs"  

f o r  boosting heavy rad ia t ion  shields i n t o  o r b i t ,  3, t h e  toxic  s i d e  e f f e c t s  

of most a n t i r a d i a t i o n  drugs, and 4, t h e  lack of dosimetry data  and knowledge 

of b i o l o g i c a l  e f f e c t s  of cosmic and Van Allen Bel t  radiat ion.  

Recently Sul l ivan e t  al .  (168) f a i l e d  t o  f i n d  s i g n i f i c a n t  i n t e s -  

SumY 

The present  review out l ines  the new area  of endeavor, space gas t ro-  

enterology, which i s  emerging as a d i s t i n c t  a r e a  of concern i n  t h e  d i s c i p l i n e  

of aerospace medicine. 

and preventive medical science dealing with problems of g a s t r o i n t e s t i n a l  

physiology and pathology during extended space f l i g h t s  where r e s t r a i n t ,  

d ie ta ry ,  radiat ion,  and fa t igue  fac tors  a r e  exaggerated. The influence on 

g a s t r o i n t e s t i n a l  funct ion and pathology of various s t r e s s o r s  which w i l l  be 

encountered during space f l i g h t  (vibration, G-stress, weightlessness, 

r e s t r a i n t ,  e t c . )  have been discussed. Table 1 summarizes t h e  time of 

occurrence, e f f e c t ,  and ant ic ipated problem of these various f a c t o r s  i n  space 

f l i g h t .  

have been enumerated. 

Space gastroenterology i s  pr imari ly  an  experimental 

I n  addition, important areas f o r  fu ture  space gastroenterologic researc,, 
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